Cardiac disease in pregnancy is a challenging clinical problem. The number of women pursuing pregnancy and the underlying complexity of their cardiac disease is increasing, such that heart disease is now the leading cause of maternal mortality in developed countries. Women with congenital heart disease make up the majority of these cases and although maternal mortality is infrequent, a good outcome is only achieved though meticulous multidisciplinary care, beginning with pre-pregnancy counselling. All women with congenital heart disease should be assessed and be referred for pre-conception counselling prior to pregnancy and should receive thorough clinical assessment prior to pregnancy. In some conditions, such as pulmonary hypertension or severe/progressive aortic dilatation, pregnancy is of very high risk and women should be made aware of such risks. In such circumstances, if women choose to proceed with pregnancy, it is paramount that they are cared for by multidisciplinary teams who have experience and expertise of managing such conditions to minimise risks and optimise outcome.
Background
The success of surgical techniques and perioperative care have enabled many more babies born with congenital heart disease (CHD) to survive to adulthood. 1 Half of these individuals will be women, many of whom will have the desire to start a family themselves. Whilst heart disease is currently the leading cause of direct maternal death in developed countries such as the United Kingdom, most deaths are related to acquired disease and the number of women with CHD who die during pregnancy or the puerperium remains relatively small. 2 Indeed, many women who would have been discouraged from considering pregnancy 20 years ago can now be reassured that with appropriate care and expertise, they can expect a successful pregnancy. 3 Nevertheless, contemporary data would suggest both obstetric and cardiac complications are much greater than average in this group of women. In this review, we discuss how pre-conception counselling (PCC) should be delivered, what pre-pregnancy diagnostic tools might be employed to better inform PCC and how pregnancy may affect the natural course of different congenital heart lesions, in terms of both immediate and longer term function and prognosis.
Pre-conception counselling
PCC should be offered to all women but particularly to those with underlying medical disorders that may impact upon pregnancy, and when pregnancy may alter the natural disease of their disorder. At present, the evidence that PCC improves outcomes remains limited. 4 Furthermore, there are few studies that have assessed how women respond to PCC and whether they themselves find it beneficial. 5 Nevertheless, because heart disease remains the leading cause of maternal death in the developed world and because both obstetric and cardiac complications are relatively common in women with CHD, 2, 3 PCC in this group should be made readily available. Deciding the optimum point at which women should be imparted with this information is unclear, because about one-sixth of all pregnancies in the United Kingdom are unplanned. 6 Data from one centre in the United States suggest rates of unplanned pregnancy in women with CHD may exceed 40%. 7 This highlights the importance of giving all girls with CHD information regarding pregnancy and contraception as soon as they reach their reproductive years. Every effort should be made to ensure that the transition from paediatric to adult CHD services occurs at the appropriate time and is properly co-ordinated so that these women are not lost to follow-up and can engage with their new medical team as easily and effortlessly as possible.
Many women with CHD have a yearly review and it is important that this includes on each occasion a sensitive discussion regarding pregnancy and/or appropriate contraception, because attitudes often change markedly with time, and it is impossible to predict when each individual woman will become sexually active. Should women express a desire to plan for pregnancy in the near future, then referral to a specific pre-conception clinic is preferable. Work from our own centre has demonstrated that in a cohort of women with a previous Fontan repair many of these women will decide to embark upon pregnancy, even if the advice they are given is guarded. 8 Furthermore, prior to our study, we hypothesised that women who had a greater number of complications as a result of their Fontan repair would opt to avoid pregnancy, when compared to those with less severe disease. In fact, there was no difference in the severity of their cardiac condition between those women who opted to try to conceive and those who did not. This implies that other factors may be of greater importance for women in timing their pregnancy other than the severity of their heart disease, for example, pursuing a career, the desire for financial independence before becoming pregnant, and being in a stable relationship.
Many centres including our own now run dedicated clinics where women and their partners can discuss pregnancy in the presence of a cardiologist specialising in adult CHD and an obstetrician specialising in heart disease and pregnancy. 9 Wiles et al. 5 evaluated this form of combined counselling for women with chronic kidney disease and found that patients reported high levels of satisfaction. During this consultation, women and their partners can be provided with individualised counselling. A recent UK ruling has demonstrated that it is the duty of the healthcare professional to provide women with information about all known risks so that she can make a value judgement of whether to proceed with a pregnancy. 10 The ruling said that the level of detail that should be provided must be determined by the patient, and not by the doctor. This is challenging with regard to CHD because of the paucity of large prospective studies, which are underpowered to determine many of the specific risks of pregnancy. [11] [12] [13] A number of risk stratification systems have been proposed for use in pregnancy and these may aid in counselling. The European Society of Cardiology has suggested its own classification system, 14 adapted from the recommendations of a British working group. 15 In turn, the latter was based on the WHO classification ( Figure 1 ). Counselling should not only involve a discussion regarding the mother but also the consequences for the fetus, baby and child. Some cardiac lesions such as a Fontan repair are associated with high rates of miscarriage. 16 Women who are cyanotic with resting saturations of 85% to 90% have live birth rate of only 45%; this falls to about 12% when saturations are below 85%. 17 A recent mutlticentre study from Europe and Asia suggested that rates of miscarriage and stillbirth in women with CHD disease maybe higher than previously reported. 18 Furthermore, women with CHD are more likely to have a baby born small for gestational age, and preterm delivery is also more common, increasing the risk of neonatal morbidity and mortality. 19, 20 The chance of the baby being affected by CHD should always be discussed, and some women with CHD will need referral to a geneticist prior to pregnancy. Autosomal dominant conditions where there is a 50% recurrence rate of the condition in the child include Marfans Loeyz Dietz, and Holt-Oram syndromes, and 22q11.2 microdeletion.
Several options are available to detect potentially affected children. For well-characterized genetic disorders, PCC regarding in vitro fertilization and pre-implantation genetic diagnosis may be considered, although invasive and expensive. Once pregnancy has occurred, options to detect congenital heart defects include detailed ultrasound scan imaging usually at 18-to 22-week or genetic analysis with in vitro fertilisation using pre-implantation genetic diagnosis or chorionic villous sampling or amniocentesis (see Table 1 ). If women choose antenatal testing, they need to understand the importance of prompt attendance to allow these tests to be performed at an appropriate time. In all cases, women and their families should receive appropriate pretest counselling by the relevant experts to ensure they understand the implications of a positive diagnosis.
Subfertility appears to disproportionately affect some groups of women with CHD, such as those with a Fontan repair. 21 Although IVF can be successfully undertaken in many women with CHD, the safety of the medications used needs careful consideration. Furthermore, some congenital heart lesions will tolerate poorly the physiological consequences of ovarian hyperstimulation.
In more severe cases, when the risks of going through pregnancy are disproportionately high, clinicians will also need to discuss options such as surrogacy and adoption. Support and referral to the relevant experts and services should be offered in a compassionate manner. Women with more severe forms of CHD will also have a reduced life expectancy and this needs consideration when discussing pregnancy as well as surrogacy and adoption.
Pre-pregnancy assessment
As part of PCC in women with CHD, regular pre-pregnancy cardiovascular assessment and adjustment of management is important to ensure the woman is in the optimum condition to cope with pregnancy. This may involve patient education so that they are aware of which medications need to be discontinued in pregnancy and which may be safely continued. Published data from the Registry of Heart Disease in Pregnancy (ROPAC) would suggest that up to 45% of women with CHD will require cardiac medications during pregnancy. The most commonly used are betablockers, which may be associated with a modest reduction in fetal birthweight. 19 Baseline and serial serum B-type natriuretic peptide levels during pregnancy may identify patients with CHD who are more likely to develop heart failure and such measurements can usefully be incorporated into pre-pregnancy assessment. 22 Additionally, New York Heart Association functional class and baseline oxygen saturations are also important as they will often guide how well an individual will tolerate the haemodynamic burden of pregnancy.
Echocardiographic assessment forms the core management modality. Being readily available and reproducible, it permits a clear assessment of ventricular function and the underlying severity of cardiac lesions. Women who have an impaired systemic ventricular function (ejection fraction 540%) prior to pregnancy are at greater risk of encountering adverse events during pregnancy. 23 Both systolic as well as diastolic function also needs assessment, particularly in lesions associated with left ventricular hypertrophy (e.g. severe aortic stenosis), as the increase in blood volume as a result of pregnancy may be poorly tolerated.
Exercise stress testing in women with CHD prior to pregnancy has shown that women with an abnormal chronotropic response are more likely to an adverse event (both cardiac and neonatal) suggesting impaired adaptation to pregnancy. 24 Furthermore, maximum oxygen uptake is a surrogate for cardiac output and may assist risk stratification of the individual patient. Pre-conception exercise stress testing is therefore recommended for women who are NYHA 2 or more.
Estimation of pulmonary pressures is particularly important in women with pulmonary hypertension who choose to embark upon pregnancy (even if they have been advised against pregnancy) because the risk of morbidity is very high. 25 Whilst cardiac catheterization prior to pregnancy is not commonly employed, it can assess pulmonary arterial pressure and pulmonary vascular resistance more accurately, which in turn permits better risk stratification for the patient and guides therapy.
Cardiac magnetic resonance (CMR) imaging is another valuable pre-conception investigation, especially in the assessment of women with aortopathy. 26 It can be used to determine baseline and any progressive aortic dilatation which assists in risk stratification. If aortic diameter is 50 mm or greater pre-conception surgery may be appropriate, but earlier intervention may be necessary in disorders such as Marfan or Loeys-Dietz syndrome. 27 
Impact of pregnancy on cardiac function
Providing comprehensive care and advice for women with CHD goes beyond the immediate pregnancy. Women need (and usually want) to know how many healthy years they have ahead of them, and the risks attached to any subsequent pregnancy. This has major implications for the whole family, not just for the woman herself.
Immediate effect of pregnancy on cardiac function
Atrial arrhythmia is commonly encountered and well usually well tolerated in most women with CHD during pregnancy. Atrial ectopy and to a lesser degree supraventricular tachycardias are more common in pregnancy if a patient has reported them previously. Drug therapy may need to be instigated in some cases. Data from ROPAC reveal that heart failure, and ventricular arrhythmia are more common in women with CHD when compared to healthy controls. 28 Eight percent of the women with CHD in their study developed heart failure whilst 2.3% developed arrhythmia during pregnancy or the puerperium. 29 Further studies have shown that an increased incidence of heart failure during pregnancy is predicted by heart failure prior to pregnancy, a NYHA Score 2, and/or the presence of pulmonary hypertension. 23 ROPAC demonstrated that median onset of heart failure was 31 weeks, but this was not the peak time of incidence, the incidence was bimodal with two periods of most likely onset, one between 23-30 weeks and the other 1 week postpartum. 28 Maternal mortality was higher in women who developed heart failure. In another study, ventricular tachyarrhythmia (VTA) was less common and complicated about 1.4% of all pregnancies with cardiac disease, the majority of these being in women with CHD. 29 VTA mainly occurs in the third trimester and may be predicted by women who have a baseline NYHA Score 41. In their study, the ROPAC investigators did not observe an increase in maternal mortality in pregnancy as a result of VTA. 29 
Longer term effect
At present, prospective studies are still small and underpowered and do not have sufficient length of follow-up to reveal the true impact of pregnancy on long-term cardiovascular function in women with CHD. Recent work from the ZAHARA group showed that when women with CHD were followed longitudinally during pregnancy and up to one year postnatally and were compared with women without CHD, the changes observed during and after pregnancy with regard to ventricular function were comparable. 30 Whilst this study was prospective and a control group was identified, follow-up was limited to a year. In the medium term, Balint et al. 31 demonstrated that for women with CHD, adverse cardiac events (such as arrhythmias and congestive heart failure) during pregnancy were associated with an increased risk of another cardiac event occurring up to five years later. Unfortunately, the study did not have a control group so the overall risk that pregnancy contributed to these events could not be accurately assessed.
In women with repaired Tetralogy of Fallot, Uebing et al. 32 showed on echocardiography at a mean follow-up interval of 2.9 years that there was an increase in right ventricular size as a result of pregnancy not seen in control women who had not been pregnant. 32 However, this study was retrospective, utilized solely echocardiography and involved a relatively small number of subjects. More recently, Assenza et al. 33 demonstrated with CMR that there is an accelerated rate of right ventricular remodelling as a result of pregnancy compared to controls, particularly seen in women with dilated right ventricular volumes prior to pregnancy. Unpublished data from our group suggests a minimal change in ventricular volumes in this cohort, but that women who have large right ventricular volumes going into pregnancy have a greater degree of right ventricular change after pregnancy. 34 For women who have bioprosthetic valves, current evidence suggests no medium-term adverse effect on valve function as a result of pregnancy. 35 Progressive aortic dilatation is a well-recognized feature of pregnancy in women with Marfan's syndrome, where the mean increase in diameter during pregnancy is 3 mm. 36 Aortic diameters fell post-pregnancy but remained greater than baseline. Prior reports have raised concerns regarding the ability of a systemic right ventricle to support the additional volume load of pregnancy, and previous studies have shown clinical deterioration during pregnancy in these patients. 37 Bowater et al. 37 demonstrated that at a mean 51-month post-pregnancy follow-up, women with systemic RV had a decline in RV function measured by echocardiography, and worse NYHA scores when compared with matched non-pregnant controls. However, their study only included 18 women, some of whom had repeated pregnancies, which may influenced their findings. As the spectrum of CHD is vast, for many women such as those with a Fontan palliation, we lack adequate follow-up data to understand what the medium to long-term impact of pregnancy is on single ventricular function. 38 
Summary
Management of CHD and pregnancy is an evolving field. We need to improve access to services to enable all women to attend PCC. For women with severe heart disease, this can be literally vital. Most women can be reassured that a positive pregnancy outcome is likely, although the risk of (manageable) complications is relatively high and they need to take into account the increased likelihood of preterm birth and fetal growth restriction. An in-depth pre-pregnancy assessment is highly advisable to optimise the women's condition prior to pregnancy and to assist in planning pregnancy care. Greater collaboration and much more research into the impact of pregnancy on heart function and prognosis is necessary. The work of groups such as ROPAC is to be commended. Going forward, the emphasis should be on prospective multicentre studies with longer period of follow-up of the effects of pregnancy on long-term cardiovascular health.
